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CLAIMS 

1. A method of testing a telecommunications system, the method 
comprising; 

1) applying a first AC test signal having a first signal 
frequency to the system and measuring the response of the system 
to the first test signal; 

2) applying a second AC test signal having a second 
signal frequency different to the first signal frequency to the 
system and measuring the response of the system to the second 
test signal; and 

3) calculating one or more parameters of the system 
from the responses measured in steps 1) and 2) . 

2. A method according to claim 1 wherein the first and 
second test signals are applied at different times. 

3 . A method according to claim 1 wherein one or both of the 
test signals has a substantially sinusoidal waveform. 

4 . A method according to claim 1 wherein less than five cycles 
of each signal is applied to the system. 

5 . A method according to claim 1 wherein the test signals 
are each applied to the system through a known impedance. 

6. A method according to claim 1 further, comprising 
applying; 

4) applying one or more additional test signals to the 
system and measuring the response of the system to at least one 
test signal; and 

wherein step 3) comprises calculating one or more 
parameters of the system from the responses measured in steps 
1) ,2) and 4) . 

7 . A method according to claim 1 wherein the system 
comprises first and second transmission lines, and wherein 
each step of applying a test signal and measuring the response 
of the system comprises 
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a) applying the test signal to the first line 
and monitoring the response of the first line and the second line 
to the test signal; and 

b) applying the test signal to the second line and 
monitoring the response of the second line and the first line 
to the second test signal. 

8 . A method of testing a telecommunications system 
comprising first and second transmission lines, the method 
comprising 

1) applying a first test signal to the first line and 
measuring the response of the first line and the second line to 
the first test signal; 

2) applying a second test signal to the second line and 
measuring the response of the second line and the first line to 
the second test signal; and 

3) calculating one or more parameters of the 
telecommunications system from the responses 
measured in steps 1) and 2) . 

9 . A method according to claim 8 wherein the first and 
second signals each comprise AC signals. 

10. A method according to claim 9 wherein the signal frequencies 
of the first and second test signals are substantially identical. 

11 . A method according to claim 10 wherein the first and 
second test signals have a known phase relationship. 

12. Apparatus for testing a telecommunications system, the 
apparatus comprising; 

1) means for applying a first AC test signal having a 
first signal frequency to the system; 

2) means for measuring the response of the system to the 
first test signal; 

3) means for applying a second AC test signal having a 
second signal frequency different to the first signal frequency 
to the system; 

4) means for measuring the response of the system to the 
second test signal; and 
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5) means for calculating one or more parameters of 

the system from the responses measured in steps 1) and 2) . 
13 . Apparatus for testing a telecommunications system comprising 
first and second transmission lines, the apparatus comprising 

1) means for applying a first test signal to the first 

line 

2) means for measuring the response of the first line 
and the second line to the first test signal; 

3) means for applying a second test signal to the second 

1 ine ; 

4) means for measuring the response of the second line 
and the first line to the second test signal; and 

5) means for calculating one or more parameters of "the 
telecommunications system from the responses measured in steps 
1) and 2) . 
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APPARATUS AND METHOD FOR TESTING 
A TELECOMMUNICATIONS SYSTEM 

The present invention relates to a method and 
5 apparatus for testing a telecommunications system. 

Conventional apparatus for testing telecommunications 
systems applies a test signal to the telecommunications 
system and, by analysing the response of the system to the 
test signal, calculates one or more parameters of the 
10 system in accordance with a chosen line model . 

A problem with conventional methods is that it is not 
possible to determine the series line resistance of a 
transmission line in the system under test. 

In accordance with a first aspect of the present 
15 invention there is provided a method of testing a 
telecommunications system, the method comprising; 

1) applying a first AC test signal having a first 
signal frequency to the system and measuring the response 
of the system to the first test signal; 
20 2) applying a second AC test signal having a second 

signal frequency different to the first signal frequency to 
the system and measuring the response of the system to the 
second test signal; and 

3} calculating one or more parameters of the system 
25 from the responses measured in steps 1) and 2) . 

The first aspect of the present invention provides 
additional data which can be analyzed to calculate system 
parameters (e.g. electrical parameters such as resistance 
or capacitance) which have been previously difficult or 
3 0 impossible to determine - such as series line resistance. 

The first and second AC test signals may be applied at 
the same time, in the form of a multi - frequency signal. 
However preferably the first and second test signals are 
applied at different times. 
35 The wave form of the first and/or second test signal 

may be non-sinusoidal (for instance a square wave or saw- 
tooth wave) but preferably the test signals have a 
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substantially sinusoidal waveform. This simplifies the 
calculation procedure. 

It is important that the method can test the 
telecommunications system quickly - this enables a number 
5 of lines within the system to be tested over a given 
period. Therefore preferably less than 5 cycles of each 
signal is applied to the system. In a preferred 
embodiment, two cycles of each signal are applied to the 
system. 

10 Typically the test signals are each applied to the 

system through a known impedance. The voltage drop across 
the known impedance can then be used to calculate a 
characteristic impedance of the telecommunications syscem. 
If additional data is required, then one or more 

15 additional test signals may be applied to the system. The 
one or more addicional test signals may comprise AC test 
signals with a signal frequency different to the signal 
frequency of the firsc and second test signals. However 
. preferably the or each additional test signal comprises a 

20 DC test signal. 

Typically the system comprises first and second 
transmission lines (conventionally known as A and B lines) . 
Conventionally an AC test signal is applied simultaneously 
to both lines (either in phase or in ant i -phase) and the 

25 response of only one of the lines is monitored. In a 
preferred embodiment the step of applying a test signal and 
measuring the response of the system comprises : 

a) applying the test signal to the first line and 
monitoring the response of the first line and the 

3 0 second line to the test signal; and 

b) applying the test signal to the second line and 
monitoring the response of the second line and the 
first line to the second test signal. 

By monitoring the response of both lines, additional 
3 5 parameters can be obtained. 

In accordance with a second aspect of the present 
invention there is provided a method of testing a 



W099/62188 PCT/US99/11617 

3 

telecommunications system comprising first and second 
transmission lines, the method comprising 

1) applying a first test signal to the first line 
and monitoring the response of the first line and the 

5 second line to the first test signal; 

2) applying a second test signal to the second line 
and monitoring the response of the second line and the 
first line to the second test signal; and 

3) calculating one or more parameters of the 
10 telecommunications system from the responses measured in 

steps 1) and 2) . 

The second aspect of the present invention enables a 
number of system parameters to be calculated. In contrast 
with conventional systems, the response of both the first 
15 line and the second line is monitored. 

The first and second signals may be DC signals, or 
alternatively the first test signal and/or the second test 
signal may comprise an AC signal. In a preferred example 
the signal frequencies of the first and second test signals 
20 are substantially identical. Alternatively, the signal 
frequency of the first and second test signals may be 
different. \ 

The first and second test signals may be generated 
independently, but preferably they have a known phase 
25 relationship. This enables the parameters to be calculated 
more easily in step 3) . 

A number of embodiments of the present invention will 
now be described with reference to the accompanying 
drawings in which: - 
30 Figure 1 is a schematic illustration of apparatus for 

testing a telecommunications system; 

Figure 2 illustrates the remote test unit, exchange 
and telephone in more detail ; 

Figure 3 illustrates the functional structure of the 
3 5 remote test unit; 

Figure 4 is a schematic diagram illustrating the 
arrangement of the line test unit; 
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Figure 5 illustrates part of the measurement cycle; 
Figure 6 illustrates the full complex voltages 
measured by the AC measurement cycle; 

Figure 7 is a first example of a line model ; 
Figure 8 is an enhanced line model; 

Figure 9 is a line termination model, discussed in 
Appendix 4 ; and 

Figure 10 is a third example of a line model. 
Figure 1 is a schematic diagram of a system for remotely 
testing a telecommunications line. An operator station 1 
is connected to a general controller 2 which inputs and 
outputs signals to/from a telecommunications medium 3 
{which may comprise a PSTN or X.2 5 network) . A telephone 
6 is connected to a local exchange 5 via a land line 7. A 
remote test unit (RTU) 4 is connected to the exchange 5 in 
order to test the land line 7. Figure 1 illustrates a 
control path 8 and a test path 9 . 

As can be seen in Figure 2, the line 7 comprises a 
pair of lines 10,11 (configured as a twisted pair) known 
conventionally as "A" and " B " lines. An exchange feed 
comprising a 5 0V battery 12 is connected to the A and B 
lines 10,11 during normal operation via 200 ohm resistors 
13,14. In order to test the line 7, the RTU control line 
8 switches the A and B lines 10,11 over to the test line 9 
(which in turn comprises a pair of input lines 15,16) . The 
RTU communicates with the general controller 2 via a V.24 
link (17) or 300 V.21 link (18). 

The internal functional structure of the RTU 4 is 
shown in Figure 3. The A and B input lines 15,16 are 
connected to a line access unit 19 which controls the input 
and output of signals to/from the line 7. A line test unit 
22 controls testing of the line 7, a tone generator 23 
generates tone signals 24 which can be output onto the line 
7, and voice modems 25,26 handle voice signals which can be 
communicated between the operator station 1 and telephone 
set 6. The RTU is controlled by a microprocessor 20 and 
data acquired is saved in a memory 21. 
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The line test unit 22 is illustrated in more detail in 
Figure 4. A pair of signal generators 3 0,31 generate sine 
wave signals which are amplified by respective amplifiers 
32,33. The signals output by amplifiers 32,33 have a range 
5 of +/-200V and a bandwidth of 10kHz. The signal generators 
30,31 are run synchronously from the same clock by a 
controller 34. This ensures that the signals have a known 
phase relationship. Each line has a respective set of 
output resistors 3 5-40 (each having a known resistance 

10 within a tolerance of 1%) . Each output resistor has an 
associated switch 41-46 which can be closed by controller 
34 to connect the associated output resistor between the 
amplifier and output line 47,48. Typical resistance values 
for the three output resistors on each line are 200, 1M and 

15 100K ohms. The voltage on line A is measured by a 
voltmeter 49 and the voltage on line B is measured by a 
voltmeter 50. The voltages are digitised by A-D converter 
51 which samples at 12 kHz. Phase and RMS voltage values 
are calculated by processor 52 and stored in memory 53 . 

20 Referring to Figure 5, the line test procedure is as 

follows : 

Step 1 - open all output resistor switches 41-46 and 
measure DC voltage on A and B lines. 

Step 2 - adjust DC bias of amplifier 32 so that 
25 amplified signal is centred on line A DC voltage level. 

Step 3 - adjust DC bias of amplifier 33 so that 
amplified signal is centred on line B DC voltage level. 

Step 4 - set signal generators 3 0,31 to generate a DC 
signal . 

30 Step 5 - close a selected one of the line A output 

resistor switches 41-43. 

Step S - store DC voltages on voltmeters 39,50 in 
memory 53 . 

Step 7 - open selected line A switch and close a 
35 selected one of the line B output resistor switches 44-46. 

Step 8 - store DC voltages on voltmeters 39,50 in 
memory 53. 
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Step 9 - set signal generators 30,31 to 2.75Hz. 

Step 10 - after first cycle, perform digital fourier 
transform (at 2.75Hz) of signals from voltmeters 49,50 over 
second cycle and store amplitude and phase values in memory 
5 53 . 

Step 11 - open selected switch 44-46 (line B} and 
close switch 41-43 associated with selected output resistor 
(line A) . 

Step 12 - after first cycle, perform digital fourier 
10 transform (at 2.75Hz) of signals from voltmeters 49,50 over 
second cycle and store amplitude and phase values in memory 
53 . 

Step 13 - adjust frequency of signal generators 30,31 
to 5Hz. 

15 Steps 14-16 - repeat steps 10-12 at 5Hz . 

The resulting AC data can be represented as four 
complex voltage values as illustrated in Figure 6, where: 
V A1 is the voltage measured by voltmeter 4 9 (line A) 
with signal being applied to line A; 
20 V 81 is the voltage measured by voltmeter 50 (line B) 

with signal being applied to line A; 

V A2 is the voltage measured by voltmeter 4 9 (line A) 
with signal being applied to line B; and 

V B2 is the voltage measured by voltmeter 50 (line B) 
25 with signal being applied to line B. 

The four complex values can then be used to calculate 
four impedance parameters Z as defined below: 
Z n =V ae /I a when line b is open; 
Z 22 =V be /I b when line a is open; 
30 Z i2 =v a e / I b when line a is open; and 

Z 21 =V be /I a when line b is open; . 
where 

V ae is the voltage on voltmeter 49 (ie. the voltage 
from line A to earth) ; 
35 V be is the voltage on voltmeter 50 (ie. the voltage 

from line B to earth) ; 

I a is the current on line 4 7 (line A) ; and 
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I b is the current on line 48 (line B } . 
Since the voltages (V a ,v b ) output by the amplifiers 
32,33 and the values (R a ,R b ) of the resistors 35-40 are 
known accurately, the currents I a and I b can be eliminated 
5 from the expressions for Z as follows: 

Z 11 =R a V ae/ (V ' V ae) '* 
2 2 2 = R b V be / (V-V be ) ; 
Z 12 = R "b V ae/ ( V " V be) ■ a ^d 
Z 21= R a V be/( V - V ae> • 

10 Once the Z parameters have been calculated as 

discussed above, they can be used to determine 
characteristics of the line 7 under test using an algorithm 
based on a selected line model . 

One example of a suitable line model is illustrated in 

15 Figure 7. The series resistances of the lines 10,11 
between the RTU 4 and the telephone 6 are represented by 
resistors R 1 ,R 2 . The line termination at telephone 6 is 
represented by resistors R 5 ,R 6 and capacitors C 2 ,C 3 . The 
leakage to ground from the A and B lines is represented by 

20 resistors R 3 ,R 4 and capacitors C, , C 2 . The problem with the 
line model of Figure 7 is that ic is difficult to find ten 
independent equations based on conventional tescs in order 
to calculate the ten line model parameters. Even if ten 
independent equations could be found, it would be difficult 

25 to solve the ten non-linear equations even by a numerical 
method. 

The alternative line model of Figure 8 reduces the 
number of parameters to be identified by replacing the line 
termination parameters R 5 ,R 6 ,C 2 and C 3 with a single 

3 0 impedance value Z. In Figure 8 the series resistances of 
the lines 10,11 between the RTU 4 and the telephone 6 are 
represented by resistors r t , r 2 and the leakage to ground 
from the A and B lines is represented by resistors g, ,g 2 and 
capacitors C,,C 2 . 

3 5 A set of equations based on the enhanced line model of 

Figure 8 can be manipulated into a linear equation system 
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and a set of symbolic solutions obtained as set out in 
Appendix 1, Appendix 2 and Appendix 3 below. 

Furthermore, the line termination parameters can also 
be calculated as set out in Appendix 4 below. 
5 The calculated values of the parameters r 1 , r 2 , g 1 , g 2 , 

c v c 2 and z are scored at the RTU for later analysis or 
transmitted back to the operator station 1. The parameters 
can then be used to identif-y and characterise any faults on 
the line 7 such as a break in the line, fault to ground or 

10 fault to another line. Furthermore the parameters can be 
used to determine whether the line 7 is suitable for 
carrying different: communication protocols such as 
ISDN,DACS,HDSL,CWSS or ADSL. 

A further alternative line model is illustrated in 

15 Figure 10. It is possible to calculate the parameters of 
this model using a simplified measurement procedure which 
uses a DC measurement followed by a single AC measurement 
(ie. at only one frequency) . 

Although the line test unit 22 illustrated in Figure 

2 0 4 is shown with two signal generators 3 0,31 and two sets of 
output resistors 41-46, it will be appreciated that a 
single generator and a single sec of resistors could be 
used, and switched from one line to the other. 
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Appendix 1 

identification Results 

The model parameters including the series resistances are given as follows, 

n,Z„. *Z, t .,(an; -t-QQ^Z,,, rZ, a 
r ' ~ dm. 

r - ~~ con. 

cnru 



(1) 
(2) 
(3) 



(3) 



- — - 2i - jvc, - ;'coc. 
z= lll___ (6) 

where co is test frequency, Z,, a and Z,^ £=7.2. j=I,2 are the real and imaginary pans of the Z 
parameters respectively, and n 0 Jfc=/.2.3 can be calculated from the knowns, whose expressions 
alona with the detailed mathematical manipulations were given in the appendix. 



An example 

For a simple example to show that the proposed method can solve the problem, let us suppose 
that 



5, =2, 



c : =4, 

,i-;q 



z = 

For this simpie example, the measurements of Z-parameters can be easily simulated by simple 
calculation as indicated in (7)-(9) in the appendix. They are. 
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^=1 

co,=2 

10145 



zL-- 

substitue them to (27) to (35) to calculate coefficients (See appendix 2 for definition) 



94^2 
-711 
4721 
50 
4721 
-123 
4721 
4896 
' 4721 



a 3 = 
d : = 

d 5 = 
d 3 = 



4721 

^ to (35) to calculate coefficients (See appendix 2 for definition) we get 



193561 
1 1709 
193561 
225 6^5 



774244 
-2613 



193561 
-28842 
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By further substituting co (46) to (4S) we get 




So we can calculate r s and r : from (50) and (51), the results are 
r, = f 
r 2 = l 

and g2 from (52) 
g:=3 

from (43) to (45) 

c t =2 
c : =4 

which are exactly the same as our assumption. For a mors practical example, the results' accuracy 
relies heavily on die precision of the software. It needs co be studied that what precision is needed 
for our test purpose. 

Discussion and conclusions 

• In the report, we suppose that two frequencies are used in the measurements. It is noticed that 
one of them can be zero, that means we can use a DC test and an AC test to identify ail the 

. parameters. But in this case, the formulas are more .complicated as less information obtained. 
In fact, a second order, two variables non-linear equation system has to be solved, maybe 
numerically. Further study is carrying out along this direction hoping find a way to find a 
relatively simple symbolic solution. 

• The calculation can be further reduced as we use two frequencies with one doubles the other, 
which is the case in the current test system. 

• It is possible to locate leakage fault by using the series resistance. 



• The line termination parameters, which are represented by a combined impedance Z in our 
discussion, can be further identified 

• It can be concluded that ail the parameters in the enhanced line model can be uniquely 
' identified with two frequencies measurements. For the DC and AC case, the line parameter and 

the combined line termination can be identified, but the individual line termination parameters 
remain unsolved 
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Appendix 2 

For a two port network as shown in Figure 8 the Z-parameters can be calculated as follows, 



1 fz^V-] 



(g 2 + jcacJZ + l 

~ ' ^ <?i ■+■ §i + ju> c \ + + Z ( ft + W X&t + 
, (g, + jfflc,)Z-H 

1 1 

2 g, + jcoc, g. + ;cdc, 



1 



i 



(g, + /<£>c)(g, + /COC ; 



. g, + y'coc, 
1 



— I— fz. 



(g, jQC,)Z-i 



a) 



(S) 



(9) 



2 g, + £2 + J^ c i + J® c z + Z U« + W)(gz + 
(g, ^-/COc)Z+l 
A 

From (3) we can get, 

Z(g, -r jcdc, )(g, -r ycoc. ) = — - g, - g, - y<oc, - yfflc, ( 10) 

Rewritten (7) as: 

2i 1 »r l +[U 3 +y<Dc 2 )Z + l]Z ll 

multiply (gi+jori), if (gi+jcaci) * 0, we get 

(g,+Jcac,)Z„ =/i(g, -s-ymc^ + Cg, +;<oc 1 J( ft +ja>c 2 )Z-i-l]2 I , } 

= r,(g, -r;<ac, ) -r[(g, +;coc,)(g, +ycac 1 )Z]Z I2 +(g, +ycac,)Z l2 
substitute (10) to (1 1) co eliminate Z, 



SUBSTITUTE SHEET (RULE 26) 



WO 99/62188 PCT7US99/1 1617 

13 

(ii + 7^l) z h = r i (S. + W ) + (~ — S>~i t - ;coc, - jcoc 2 )Z 12 + + jcoc, )Z l2 

= r, (g, -r ycoc, ) + I - ( 5l + ycoc, )Z,, - (g z + ;coc 2 )Z n + ( Sl + ycoc, )Z J2 (12) 
= r, (£, -r 7'CDC, ) + 1 - (g 2 + y(0e,)Z l2 

Similarly we can get an equation about Z 22 as 

C^+y'cocjJZjj =a(^ 2 -r ya>c,)-rl-(£, + ya)c,)Z i2 (13) 
We write the Z-parameters in their real and imaginary pan as 

Z U = Z !!u " r -/ Z lli> 

Z n = Z i2« + >Z 126 (14) 

Z ZZ = Z z=« + A=* 
Substitute (14) to (12) we get 

(i . * Jt oci X z n„ *■ 7' z i u, W ) + 1 - (g 2 + ;<ac 2 )(Z T2u + ;Z !2i ) 

S. z i la " ^i z , .» + X §i z i » + z . u^c, ) = ^, + 1 - g 2 Z r2a -r cdc z Z ]ZJ> + /(r,Qc - a>c 2 Z t2a - g 2 Z t21> ) ( 1 0) 
By separate real and imaginary part, we get two equations, 

g l Z xla -&c x Z Ub - r xg] -\~ g z Z^ 2a -a>c,Z !2i =0 (16) 
sAu +Z lla <0Ct - W ^c : Z I2u -£ : Z i24 =0 (17) 
Be substituting (14) to (13) we can get another two equations in a similar way, 

g z Z ZZu -CDC 2 Z 22i - r 2 g 2 - 1 -r 5,Z 12b - (BCjZ,^ =0 (IS) 

S : Z 22i -Z 23a coc, -r.coc, -f-COCjZ,.,, + g s Z^ =0 (19) 
When the measurements are taken at two frequencies, we can get another set of equation at 
frequency co 2 , if we denote me measurements at this frequency by adding a superscript 2 to the 
corresponding quantities, the equations can be written as follows 

§> Z L - ® i c i z nb -^Si-l^ Sz Z L - ttjCjZ,^ = 0 (20) 
g,Z\u, + Z s i -^co 2 c, +a 2 c z Z\ 2a ^g.Z 1 ^ =0 (21) 

g 2 Z Z 22a -a> : C,Z 2 33A ~ ^ g ^ 12a -<B,C,Z 2 12* =0 (22) 

g 2 Z Z 22> + Z 2 =n,GJ : e- -r,co 2 c 2 ~<^,c,Z z ^ +^ 1 Z 2 ,i i =0 (23) 
The problem is to soive equations (16) to (23) for model parameters r b g k and c k , k-1,2. 
To eliminate r t and r z , first let (16) — (20), we get, 

ii ( z i >. ~ z . i- ) - q Z tli - a : Z 2 6 ) -f g : (Z 12u - Z,^ ) - e, (© Z 12i - co.Z^ ) = 0 (24) 
then C02X(17) - cox (2 1) which gives, 

S,K Z u* -coZy-co(a : c.(Z. l(I -Z 2 a )+ * 2 (co : Z rj) -coZ 2 : J-coco 2 c.(Z. 2a -Z t lJ = 0 (25) 
similarly. (12) - (16) yields, 

S:( 2 -, ~ z ^)-^-(" Z^ -OD-Zi^)- - (Z., a -Z^J-qfco Z ;:A -co.Z,^) = 0 (26) 
Let, 

a . = Z tu- z L (27) 
a 2= z ,^- z L (28) 
a^Z^-Z^ (29) 
and 

b, = coZ llb -co 2 Z 2 b (30) 
b, =0) 2 Z Ub -coZf lb (31) 
b, =coZ 12J) -co : Z 2 - :j (32) 
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b 4 =co 2 Z !a ,-coZ 2 a (33) 

b s =03 2^,-0^ (34) 

b 6 = cOjZa-ooZ^, (35) 
So (24) to (26) can be rewritten as 

a, Z^ -J>A +^82- = 0 (36) 

£> 2 g, -pa,ax» 2 e, + & 4 s 2 -ra-axj ,c, =0 (37) 

-^i +a 2^» -V. = 0 (38) 
Solve (36) to (38)- for gj, c u and c 2 we get, 

g = = 1 --p = L.12. ^ 3 r_ (39) 

A, 

a,b ± b^ + a,a-,a..axa . — a*b,b K - (a, )" caco , - cubJ} A aJj^b. 



— — 



"(407- 

(41) 



where 

A, = fyhJb s +( < 3,) I o J CCK0 : -i? ; (a 3 ) 2 +(a.)"&.axo : -2fi,a,^ax» 2 (42) 
If we denote the coefficient of (39)-(41) by n h j=I, 2,3, we get, 

S i s ^8 i (43) 
Ct=n,^ (44) 
c 2 =n,g z (45) 
where 

a 1 a.i? ; £dco, -s-o,& 4 &. -(&,)~fr 4 + g.a .,o,(2<a, -a^^coco, -(a,) z &j£oco., 
= ~ ^ • '• — : : : (46) 



(47) 



—cub.b, +0-0,0. —a. (a, )"coo>, —a,bJ), + ( a,)* a-axo , +a.b-b t 
n, = — ^ ^ ^ • - • v i; . — s ^ (48) 

A, 

Substitute gi,c lt c 2 to (17) 

n^Z, u + Z, la 0*h<?, - r^g. -p oan,^ ; Z, j. -r £,Z !2i =0 (49) 
if g : 5*0, we can solve (49) for r t as follows 
n,Z,, h +Z..j$n- ~am-Z,. a tZ,.. 

r = _1_U* H = 

am, 

Similariy we can get ri from (19) 

n.Z,, h + Z^&n. -rCOn,Z,- -rZ-,, 

r.,- = ' ' — =— ^ 

(Uru 

Substitute g;,c/,c 2 and r ; to (16), we can determine g2, 

g , = , S2«J r (52) 

(^J'Zt* + 'V , 3 2 l a- <0 + «i 2 i» -^ llu u) +«,/i 3 Z ja ((a) 2 +(« i ) 1 Z m (Q>) J 
After g 2 is determined, g:,ci.c 2 can be calculated from (43) to (45). So far, che only parameter left 
undetermined is Z, which can be calculated at frequency co from (10) as 



(50) 



(51) 
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Appendix 3 

Further discussions on Identification Results 

In Appendix 2 we got a set of symbolic solutions to ail the parameters in the enhanced modei. 
The results are repeated here, 



. "»Z T ,» + Z. 7 „(fl7^ -K0n,Z, 3a -hZ-m 
7 ~ 0371, 



(1) 

(2) 
(3) 

(4) 



52 (nJ : Z 1I6 +/i I n,Z 12u CO^n,Z^-n 2 Z ! ^co+^n 3 Z m (a3) 2 +(n,) 2 Z u2 ,(co) 3 

-7 <?. - Si - 2'o*i ~ Juc z 

Z = % —77 : r— (6) 

where co is test frequency, Z ljtt and Z y6 , £=2.2, j-1,2 are the real and imaginary parts of the Z- 
parameters respectively, and n fa k= 1,2,3 can be calculated as follows, 

a,a,i7«£0Q) - +b,b j>, -(b.)"o A + a,a,6,coco , - a,Oj6 3 co(0 . - (a, ) *fr.,(0(0-. 

n,= "a/ (7) 

a.& 4 k+a,a-a,£OCO. -a.b.b< -{a,) 3 ooco, - a.,i-i? 4 + aJj.i-, 

TU ^-~ ^ A, ""^ "~ 

-a.£,i., +a ^b.b. -g,(g.)~<2(0. -a^b -b-, -^(aj'a^co©- +0,6^ 

where 

A, = + (a, )" i«aX0 - - it. (i- )* + (a, ) : 6,(2(0 , - 2a,a.6,co(0 - (10) 
and an, k= 1,2,3, bj, j=l...6 can be calculated direcdy from the knowns( See [1] for their 
definations) 

One problem with this set of formula is that A t can be zero for some particular measurement 
values. In this case, an alternative has to be found to calculate the parameters. Taking into 



(S) 
(9) 
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consideration the condition that A ( is zero, another set of formula can be obtained as shown in the 
follows. 

-Z lla cog,A + Z, u (Da& - Z :zb b& + Z l2b (b z f -Z.^caa^, + Z xz j*a& 























a,a- 





(li) 



(II) 



(13) 



g-, = — = = — 

_fiZf!_ (14) 

c x =q x c 2 +q 2 g 2 < 15 ) 

c i = PA 4 " PzSz ^ 
where 

m, = Z Ua p 2 -<0Z ub q 2 - r x p 2 + Z :2a (17) 

rru = Z xla p l -®Z ub q x -r,/?, +COZ m (18) 

J, = " r 2 + Z .2« ft ~ ^m*: C l9 > 

^ = + Z t2a p, -coZ 126 a, (20) 
and 



92 a^-aJ^ 



(23) 



(24) 
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Appendix 4 



Line termination 

The line is usually terminated by a resistance R in series with a capacitor C, which is 
paralleled by the loop resistance and capacitors . To determine the termination is to 
identify all these parameters. In Appendix 1 and 2 we have got the equivalent 
impedance Z or admi nance of the termination Y at two frequencies when we identify 
the model parameters. We now considering using admittance representation. From 
Figure 9 we have 

Y=g + jac l + \ p (1) 

1 -r JCO Rc z 

Let 

Y = a + Jb (2) 
where a and b are the real and imaginary pan of Y respectively. So 

co 2 Rcl ,~ 



l-rG) : R"'c: 
co c 



CO ~XC- CO yXC. 

1+eo? x~~ l-rco; x 1 



and 

b, _ h. c. 

C0[ CO, l-r-C0f^r : 

(6)/(7) we have 



Let 

Rc z =x (5) 
and measure the'Y at two frequencies co, and C0j. we have 



(6) 
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(8) 



— i 

cd 2 (l+co;;r)-o3 2 (l-i-co 2 x 2 ) 
= X (i + o) 2 y)-(l+Q) 2 x 2 ) 

co 2 -co 5 
= x—r~, 

1 



c£__cc^ _ 1 cd^-coA (9) 
a, -a- cd,co. a. -a x 

After we get x, c 2 can be calculated from (6), which gives 

fo-q.Xl+flfo'X 1 *^**) (10) 
c -~ *(co 2 -co 2 ) 



(ID 



and R from (5) 

So <* and cl can be determined from (3) and (4) respectively 

c o -xc: (12) 
h~ ^~ 

and 

c. (13) 
Cl "co i 1-K0 2 x 2 
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CLAIMS 

1. A method of testing a telecommunications system, the 
method comprising; 

1) applying a first AC test signal having a first 
5 signal frequency to the system and measuring the response 

of the system to the first test signal ; 

2) applying a second AC test signal having a second 
signal frequency different to the first signal frequency to 
the system and measuring the response of the system to the 

10 second test signal; and 

3) calculating one or more parameters of the system 
from the responses measured in steps 1) and 2) . 

2 . A method according to claim 1 wherein the first and 
second test signals are applied at different times. 

15 3 . A method according to claim one or two wherein one or 
both of the test signals has a substantially sinusoidal 
waveform. 

4 . A method according to any of the preceding claims 
wherein less than five cycles of each signal is applied to 

20 the system. 

5 . A method according to any of the preceding claims 
wherein the test signals are each applied to the system 
through a known impedance . 

6. A method according to any of the preceding claims 
25 further comprising applying; 

4) applying one or more additional test signals to 
the system and measuring the response of the system to the 
or each test signal; and 

wherein step 3) comprises calculating one or more 
3 0 parameters of the system from the responses measured in 
steps 1) ,2) and 4) . 

7 . A method according to any of the preceding claims 
wherein the system comprises first and second transmission 
lines, and wherein each step of applying a test signal and 

3 5 measuring the response of the system comprises 
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a) applying the test signal to the first line and 
monitoring the response of the first line and the second 
line to the test signal; and 

b) applying the test signal to the second line and 
5 monitoring the response of the second line and the first 

line to the second test signal. 

8. A method of testing a telecommunications system 
comprising first and second transmission lines, the method 
comprising 

10 1) applying a first test signal to the first line 

and measuring the response of the first line and the second 
line to the first test signal; 

2) applying a second test signal to the second line 
and measuring the response of the second line and the first 

15 line to the second test signal; and 

3) calculating one or more parameters of the 
telecommunications system from the responses measured in 
steps 1) and 2) . 

9. A method according to any claim 8 wherein the first 

2 0 and second signals each comprise AC signals. 

10. A method according to claim 9 wherein the signal 
frequencies of the first and second test signals are 
substantially identical. 

11. A method according to claim 10 wherein the first and 
25 second test signals have a known phase relationship. 

12. Apparatus for testing a telecommunications system, the 
apparatus comprising; 

1) means for applying a first AC test signal having 
a first signal frequency to the system; 
30 2) means for measuring the response of the system to 

the first test signal; 

3) means for applying a second AC test signal having 
a second signal frequency different to the first signal 
frequency to the system; 

3 5 4) means for measuring the response of the system to 

the second test signal; and 
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5) means for calculating one or more parameters of 
the system from the responses measured in steps 1) and 2) . 
13 . Apparatus for testing a telecommunications system 
comprising first and second transmission lines, the 
apparatus comprising 

1} means for applying a first test signal to the 
first line 

2) means for measuring the response of the first 
line and the second line to the first test signal; 

3) means for applying a second test signal to the 
second line 

4) means for measuring the response of the second 
line and the first line to the second test signal; and 

5) means for calculating one or more parameters of 
the telecommunications system from the responses measured 
in steps 1) and 2) . 
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j Separate verified statements are required from each named person, concern or organization having rights to the 
invention averring to their status as small entities. (37 CFR 1.27) 

f 3 acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
f^naintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b)) 

J 3 hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
-information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this verified statement is directed. 



NAME OF PERSON SIGNING: 
TITLE OF PERSON SIGNING 
OTHER THAN OWNER: 
ADDRESS OF PERSON SIGNING: 



William V. Carney 



Chairman of the Board and Chief Executive Officer 
575 Underhill Boulevard 
Syosset, New York 11791 




.DATE: fZ-M'OO 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 
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Declaration and Power of Attorney For Patent Application 
English Language Declaration 

As a below named inventor, I hereby declare that 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 

APPARATUS AND METHOD FOR TESTING A TELECOMMUNICATIONS SYSTEM 

the specification of which 

(check one) 

H is attached hereto, 

4 ■ was filed on May 26, 1399 as United States Application No. or PCT International 

A Application Number PCT/US99/M617 

. and was amended on 



A (if applicable) 

hereby state that I have reviewed and understand the contents of the above identified specification, 
including tf>e claims, as amended by any amendment referred to above. 

Jjacknowledge the duty to disclose to the United States Patent and Trademark Office all information 
Ifiown to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
lection 1,56, 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1l9(a)-{d) or 
Section 365(b) of any foreign applicationCs) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United 
States, listed below and have also identified below, by checking the box, any foreign application for 
patent or inventor's certificate or PCT International application having a filing date before that of the 
application on which priority is claimed. 

Prior Foreign Applicafion(s) Priority Not Claimed 

mMllU EPO 17 May MM p 

(Number) (Country) (Day/Month/Year Filed) 



(Number) (Country) pay/Month/Year Bled) 



(Number) (Country) (Day/Montfi/Vear Filed) 



□ 
Q 



rows PMwrt*ndTf«a^(te^*^oVAiCTMOfroFco«*Me«i 
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1,-Hereby claim the benefit under 35 U.S.C Section 119(e) of any United States provisional 



(Application Sena! No.) 


(Filing Dale) 


(Application Serial No.) 


(Filing Da(e) 


(Application Serial No.) 


(Filing Dale) 



I hereby claim the benefit under 35 U. $. C. Section 120 of any United States application®, or 
Section 365(c) of any PCT International application designating the United States, fisted below and, 
insofar as the subject matter of each of the claims of this application is not disdosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1.56 which became available between the filing date of the prior application and the national 
ikr PCT International filing date of this application: 



(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 


o (Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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POWER OF ATTORNEY: As a named inventor, J hereby appoint the following attorney^ mdfer 
agent<s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list nime and registration number) 

Charles R. Hoffmann, Re& No., 14,1 02; Ronald J. Baron, Re^ N^^TzikSuian A, Sipos, Reg. Ne^MS- 
R *& ^K^lLOtnlA T. Bodncr, Reg, Wo. 30,449; A, Roderick S.W. Turoer, Reg, N 0 -31J3J>; Steven T 
Thomaj Kammer, Reg. No, ZSjMSjIrvin* N, Feir. Rej, Zuschlag, Keg, Wo. 43,309; e ach of tfaem of HOFFMANN 
No - «£$lLAL»n M. Sack, Reft. N*31J74LA)*is A BARON, LLP, 6»00 Jerkbo Turnpike, Syoisec, N 

Aoilianii, Rc& No. 36.995; Gregory W. HachmaBB, Reg, 11701; and Daniel A. Scols, Jr., Ret No, 29*8£5; 
y °* «^93LAadionyE"BeSneru Rej, No. 4JLaifcJoaepb Salvatare J. Abbrvatat, Rec. No. 30.052; Mark 
J. Caianzaro, Reg. V&lS&li Lauren T. Emr, Reg, No. Bares, Rag, No. 46\l£fiU5arry Jaeobscn, Reg, N<T 
JfjUSjJh** F - HarriBpoo, Reg. No, _44j4Ji Glenn T. 43,683; Ke»ra» B e Merkcl, Reg. N^JS^OO; J 0 fa n ^ 
Bcnntbergcr, Reg. No. 36,074 L Juflio It Holmes, Reg. Sopko, Re & No. 41JH; Gloria K SsakieJ, Re- No. 
>0 - Kevin ^ McDcnnoct, Rcj. No. 3Sj94£; 45,149? each of then of HOFFMANN & BARON, LLP, 

Robert C Morritt, Reg. No. 42.910; R. Glean Scbroeder. lOSSParsippany Boulevard, PanJppaoy, NJ 070S4. 

Send Correspondence to: GmUTMntT^tt^ 
Hjafftnaon & Barco, LLP 
69 00 JgrichTT urapike 

Syowci. Ne* York T1791 

Direct Telephone Calls to: (name and telephone number) 

Gcrfld T. Bodner (S3 6) 873-3550 




F& nairw at *olm <sr first Iimaw 
Robert De Tullio 



$^wim;tj*run sqrvwf . . ZKiT 

« Beccb CKlTe, W«v!cl£, CVJ4 5HY Great Britain 



FWl nam of second inventor, any 
Marie Greening 




2517 Ramona Street , P; 

CUnahip 
Great Britain 



»iwa Ti Aw^ 'cmaUlKa, pgawWrbf cowaiSg 
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Puit namrtf Thin) lr 
JHtaqt^YjL^* , 

Third icwfinlofs signature 



Resioense 

101 Daflum Road, Y ork VOJO 4HY, Great Brital 

Great Britain 
Po*l Office Aearas 



NO. 7 1 62 



same as above 



Pull namt of four* 

JahoJCeivm-Etjdler 



JaMJCcMa-Eldler ■ ^ 



-itaa ~^ ^ 

14 Bleachfield, BcsUngton T YgrkYOl SDB, Great Britain 

Cl&tnsMp 



Great Britain 




FuH nam* of sofin inventor. If »ny 



P<»tOffK*AMre«> 



HlCHI and 7r*«tem-» OllktttS, MPMTMENT OF COMMSlCC 



